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ON (57) Abstract: An organic electroluminescent device whose light -emitting layer contains an anthracene derivative represented by 

^ the general formula (1) as the host and at least one member selected from among perylene derivatives, borane derivatives, coumarin 

If) derivatives, pyran derivatives, iridium complexes, and platinum complexes as the dopant and which exhibits high efficiency, long 

© service life, low driving voltage, and high durability both in storage and in driving: (1) wherein R 1 to R 4 and R 12 are each indepen- 

^ dently hydrogen or C M2 alkyl; R 5 to R 11 are each independently hydrogen, C M2 alkyl, C 3 _ 12 cycloalkyl, or C 6 .i 2 aryl; Ar is nonfused 
aryl represented by the general formula (3); and m is an integer of 1 to 3: (3) [wherein n is an integer of 0 to 5; R 13 to R 21 are each 

Q independently hydrogen, Cm 2 alkyl, or C&u aryl]. 
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as/K 1-^37^/K 2--ty^/K $fc\%m-?— 7x=/W5W/Vtib5;*U, 
X^(2-l)-(2-15)^$tl^S^Pd^3i^^lO-efc«?^(2-l)-(2- 
15) "ft, R 12 #7K^-efc?>Tyh7-feV^^#:?r^hi:LT-^W-r5^ IMECllSUcE 

[0010] [4] 3S3fcJl#, ^C(D [Cioft5R 1 -R 4 #*^-Cfc<?;R 5 -R 11 #, ^ftLT, tMI, 7 

l-^^/K 2-^7^/K ttcltm-?— 7x^5 , -/f/l'-efc!3; ; eUt, 
X#TE©S(2-1), (2-2), (2-4) ~ (2-6), (2-10) T**£;fx5S<D3£$> 

R 12 Ar 

(2-D ( }-R Ti (2-2) 1)-*"' (2-4) 






R R 12 R R 12 R' 12 Ar 





(2-5) \_f~ R (2 " 6) * ^ R (2 " 10) 

R^R 12 




5^(2-1), (2-2), (2-4) - (2-6), *5<tt^ (2-10) ^,R 12 tt^-e&!3;-?:L-CAr 



WO 2005/091686 



7 



PCT/JP2005/004495 




coon] [5] mytmi!}K^(i)^n^R 1 -R i ^mx-m;R 5 -R n iK^'Lx^m.y 

X^TIE©^(2-1) > (2-2), (2-4)-(2-6) > *D,tU { (2-10)T**$^S^^ i 




(2-4) 



(2-10) 



5£(2-l), (2-2), (2-4) - (2-6) (2-10) f , R ,2 tt*^-Cfc!9 j^LT, A 

rmiiiiiLr riso^:(4-i) - (4-io) *>j;tf (4-i4) - (4-i6) -c^$;tu>gop 



WO 2005/091686 



8 



PCT/JP2005/004495 



\ / u 



(4-1) 




(4-2) 




(4-3) 




lili (4-4) 




(4-5) 




(4-6) 




(4-7) 




(4-8) 



VJ^\_/V^ (4-9.) 



\ /r \ // 




(4-14) 





(4-10) 



(4-15) 




(4-16) 



[0012] [6] mjtmtK 5£(D ^ttSR-R 4 ^*^-?^ ;R s ~R n >^ m&LX , *3ft, 7 
X#TIB©5*;(2-lh (2-2), (2-4)43,};U?(2-5)-t^$^S©^^«tLSl 



R 12 Ar 




(2-1) 




(2-2) 



R /12 R 12 




(2-4) 



R 12 Ar 




R" Ar 



(2-5) 



^(2-1) , (2-2) , (2-4) ft £tf (2-5) R 12 «7K^-efc«9 j^L-CAr^iLT 

te©^(4-i) - (4-io) &£t$ (4-14)- (4-i6) xm^ti^<Dm^bm\tti 



1 



WO 2005/091686 



9 



PCT/JP2005/004495 




[0013] [7] «^i^Ji^/yy-A'*«IW*^#t-5,WKCi]-C6]«K:^o 

[10] »3yi3Js^yV'i^|«frSrK--/<yhtLr^*t-5, tffBB[8]£K:aB<fc©# 

[11] H3feS^#7Vf|^S:Kw-?yhtL-C-^#i-5, aMB[7]£fcfc*©W» 

[12] M«^7>-SIS^K-/^h^L-C^i-^, lrBB[8]«fcfcgW)#» 
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[0016] 5t(l) * N R~R 4 fcJ\ M&LT, &%$1tt3l&tmmi~l2<DT;\'*fr'?jbZ >0 & 

5vK ^yf=f-/V, sec-y^/K t-^/K n-^y^vK -fy^y^VK t-^O^/V 
% iM^V^/K n-^iX/K yy^y/K l-^?7W<V7vK 2-^^^^ 
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y^y, aihdrV, yW/V^y, yy^ntf/V^y, n-^/V^^, >fy^f- 

/M-^y, sec-y^/Kfr^y, t-^^i^^y* n-^vfwv, yy^y^vv 
•fr**s, t-^yfvv^y, ^ta^y^/v^y, n-^fyi'^y, -Yy^y/v 

[ooi8] r'-r 4 o»*u ^rix ^^/v*5<tm-^^/vt?fe«5> Wfc#*u ^9tt* 

[0019] R 5 -R n «, MftLT, Sm&l-lZOyrA*^ &m&3—12<Dis?uT/\' 

*fcf±&3Bifc6— 12©7y— -fl^fc*. ^^HCI— 12©T/l^r/KOAff0df4, 
p^/K ai^V, n-yntVk, yy^nt'/K n-y^vK yy^^vK sec-^/V, t- 

y^/K n-^y?vK yy^y^/K t-^yfvv, ^fcfr^y^/K n^^y/K yy 
•~*-y/K l-y^/w^y^/K 2-y^vw<y^vK n-^y/K yy^y/K i-y 
^vw<y^vK 2-y^vw<yfVK 5-^/i^3ry/i^-efc3 0 
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}=f>Vy mfvK 1, l-i>y ^ A—2-y A- 

[0021] ftS<^-CH -^-0--egf tf>ofrlc£>-CH -^^^^6-120Ty 

2 2 

^-y, m-hyA-^^ p-hyA^^y, 1-^7 Mr*>, 2-^y b^y, 2, 4-iW 

A-y^y^y, 2, e-^T-A^*/*^ 2, 4, e-hy^A-y^y^y, 4-t-^^v 

y*/*i/^ 2, 4-v > t-^ , ^/Vy 3 iy^rv' % 2, 4, b-V)\r-'7 s 3-fV7x.J*c*/ \ 2~7^~ 

a^n* y> 2-u-^vy^/v) ^b^y^x-h&o 

[0022] ^^ic3- 1 2©^n7/^/KDlft^ ijfi, vy n:/nt7K i/^P^f;W, 

[0023] i(D^^^3-12(D'->'^nT/^/V{C*5}t5ftE©7k^fi^^iCl-120T/l-dr 
/^fc(i^^6-12<DTy-/^gf^btl-CtJ:V\ftE07K^^^^i^ 

1 2(DTfr3c/l'X*n%&x.L>fttcfcm%t3~ l2<D*s>ruT/V3c;V(D^Vtm\$. 2-^ 
/^y?v^^y/V, 3-y5VW/^n^r;>7K A-^/Vi/^u^^y/V, 2, 4, 6-hy 
y^A-yyp^yvK 2-t-y^A-yyn<~^y7K 3-t-^f/^n^^i/;K 4 

-t-^fvvy-yn^vvK 2, 4, 6-hy-t-:/5vvv^P^iy/v^-e&3 0 ffito 

[0024] ^$c6~12<D7y— 7i-/>, l-^y^A-, 2-^y^/^-Cfc 
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[0025] Z<Dmmm-i-2<DTV— ;W:JJtt5ftt©*$iigiil-l2©m;K ^ 

^3-120^nT/V^*fc^^6-12(DTy— /V^g#^ibn - rt>«tV> 
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(DMcfcMfc, o-MJ/K m-HJ/K p-bU/K 2-\f7^=->\"(;V > 3-lf 4 
-t*7x=;W/>, 2, 4-vW/K7^/K 2, e-SW-A^asyK 2, 4, 6-h!W 

/V:7n:=^ 4-t-y^/V7a:=;W, 2, 4-^t~Zf^/^^/K 2, 4, 

tz$tmm~12<DTV-/V<DM;ftmn. 4-^n^^y;uy^=.;^xh^> 0 

(D&mi)^mm-i2<DTy-/vx*m%&Kbfrtzfcmm~i2<DTy-/v<Dgfc 

fc^$C6-12<DTy— /VCD^ft^Jft, m-^-y^/i^-2-^/K m-Z—yx.—tV 

/K p-^— 7o:=./V-4-^ N 5'-7^/V-m-^— 7a:=/V-2-'l'/V, 5'-7a:= 

[0026] R 5 -R u tf>& £LV ^Jtt , Tk^, t-7*?vK 7^/K l-^fvK 2— 

[0027] Xte, TE^S (2-1) - (2-15) d^ii^^lo-efc^o 0£LIVX&, S(2-l) 
, (2-2), (2-4), (2-5), (2-6), £fcii (2-10) -efc<9, #[£0£Ll\Xte, M2 
-1), (2-2), (2-4),^c«(2-5)-Cfe5 0 
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5o *©AflcWtt, t*y^~/]s^?—y^~/\^frtbmfrtlZ> lffi<DS-Cfe5o Arte 

[0033] R'-R 21 !*, m&VX, fomm-12<DT/V*/l'$tcte$im&6-12<DT}) 
y;/pfc7K n-^/K -O^^vK sec-v^vK t-^/V> n-^y^/K ^y^V 

fvK t-^y^/K jfcj-^y^yK n-~^>vK ^y^^-y/v, i-y^yw<y?yK 

[0034] r<D^^l- 1 2<DT/U3cMZtetfZ,#:M(D-<:H -»-<>-"T?e# jfcfcbiivOb X 
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y.hdf^ N aihdri/ N :/nli>ah*«>\ ^y^nbT/Vct^*/ % n-7^/M-^y, 
frHfr*s^ se^-y^/vttis, t-7*?-;vtt*s^ rt-^f-A<t^i/^ ^y^Vf-sv 
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(©B.ft^tJte, o-MJ/V, m-by/K p-MJ/K 2-tf 7^=/W/V x 3-tf /W/K 4 
-tf7^/W/K 2, /K7*syK 2, 6-^fvK7;c— /V, 2, 4, 6-hy^ 

;l/7i^, 4-t-^^/V7ai=/V, 2, 4-v ? t-^/V73i^/V, 2, 4, 
;l/7*=i/V#-C*)5o ffilc<Z)7K^^^^3-12(0^^nT/^/V-Cgt^x.btV 

©tK^^^^^6- i 2©r y -/v-eg#ift*.fe*bfc^g(i IR6 - 1 2ory-/v© Aflc 

[0037] R n —R 2i <DB £LV ^Jii, ttFiE^Ar^^x^^^Sdg^-f^etCctoTt, ArO 
rp^O^-V:/^ 1, 2-7^W^\ 1, 3-7x.=-]/>f)\ 1, 4-7^Wy^^C 

[0038] ArOJrWJ^TIEOS (4-1) - (4-16) -CfeSdS, *»Wtt^*t6>0*flsW*S 



♦ 



« 

PCT/JP2005/004495 
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<Dm&lZJ:oXmfe£tlZ>zmft\t\ #SU*Artt, g(4-l)-(4-10):}3j;tf (4 
-14)-(4-16)T-fcS 0 




[0039] w©w«EL^^«>3S3tes i-ffl v ^bn5mytm*xv<DM t &mmT<DiZ: (5 

[0040] 
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[0044] 
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(44) 



(45) 



(46) 
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[0047] 
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(53) (54) (55) 




(59) 



(60) 
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[0048] 




(61) (62) (63) 




(67) (68) 



[0049] 




[0050] 



WO 2005/091686 
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[0051] 




[0052] 



PCT/JP2005/004495 



WO 2005/091686 31 





(88) (89) 

[0054] ilBOAflcW^^-CftFSUMfcfrtfctt, ffrfrfcUlK (12), (13), (14), (18) 
% (23), (27), (28), (41), (44), (56), (59), (61), (68), (81), *5«fctf(84) 
•C*)5.t5flC»*UMb#4fcWt,'fb'&*(ll), (12), (13), (14), (23), (27), ( 
41), (44), (56), (59), (61)*5«fctf (81)-C&5 0 

[0055] 5£(1) ^*Sn5Tyh9*^*frtt#&**y^yV^^©i5*|!Eftl©'a-|««fe 



i 

WO 2005/091686 32 PCT/JP2005/004495 



R 9 R 10 





( Ar ~W-c 

m 7- xv-B(OH) 2 



(D 



R 9 R 10 





B(OH) 2 



5-m 



(1) 



R 1 -R i2 i$£.x$Ar\*mmtm-'X-m. mm-3<Dm%ceh% 0 

[0056] ZORfetm ybtlZ'^W&imO McWmtt . Pd (PPh ) , PdCl (PPh ) % P 

3 4 2 3 2 

d(oAc) m~?hz>o z.<»mttJto s bn&&^&vm\t. fcm-wj*. mm* 

2 

B&ti**?^ mm*.mi-h})VJ*. *BMt»y^, 



[0057] ^(D-e^tbST^hy-fe^^^, @ft^1ftfc:tev^3fti^3bfefc^fc^ 
[0058] ^:(l)-e^$n§T^hy-fe>-^#^(i, ffiv>J&ftl^3M& x ]E?L£At£, lEa^ 
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uyiifr, ^y^*#> -ry^A^, 

[0060] s<VV^nMfoV>&fo&\\t. 3, 10-^(2, 6-i 3, 10- 

^(2, 4, 6-hy^/v7^/v)^yuy, 3, io-^7xn/w^yvy, 3, 4-^731= 

/l^<yv>\ 2, 5, 8, ll-Th^-t-^^yV^, 3, 4, 9, lO-xh^m^vW^y 

I/y, 3-(l'-fcV~/V)-8, n-v?(t-^/v)-<y^3-(9'-T^yyv)-8, 11 

-^(t-W^^y, 3, 3'-^* (8, \l-V(x-7?-;v)^)v~jv)%§.XhZ> 0 
[0061] Jj?9^^fr»TIE©^;(B) X^ZtlZib&VoXhZo 



Z 2 




(B) 



6-50<DTy— /vjoi^xory— /w^e^tK^^^ sta ^$ci— i2©r 

#6-50©Ty— /K $.tctZ^v7])—frXh , 0;Zn, , &M%a—24<D7 
A**7K $^|&3~24<D^n7/l^/K ^3&6— 50(DTy— tfctt^fnT 
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[0062] tfyyW^WoMtfcWI*. l, 8-*Jy^/\s-lO-(^^/V7$})/v)T>hy±y y 
9-7i=/v-io- {Vfsf'jM&M ryhy^y. 4-(9' -ryhVM 9 J* 9 s?-jMfr) 

;v-j-y$uy s 4-(l0' -7^~/l<-9' -TZ/hV/^iStis^/vtfy/vi-yfuy, 9-( 

v^v^/Vtf y /W) 7^ h?±y, 9- (4 ' -If -10- (^i/^/V^U /V) t>i> 
9-(4'-(N-#/W VU/V) 73:n/V)-10-(^>f-/V#y/P) T^h^ir^ 
9- (3 ' -tf yx.—tV) -10- (^i/^/V^y/V) 7Vh9*fe:^ 9-(2'-tf7^;V)-10 
-(^>^/V^y/V)Tyh7-feV % 9-(^>^/^y/V)-10-[4-(10-^^/V 
7j?y/P-9-T^hy/V)73:=;V]Tyh7-fe^. 9-(^^/V^y/V)-10-[2, 5-^ 
^/V-4-(10-^i/^/V7}?y/V-9-Tyhy/V)7a:=/V]T^h7-fey, 2, 8-tf*(^ 
^^/V^y/V)-6, 6', 12, 12'-xh77^/W-6, 12-^fcKn>fV7V[l, 2b] 7 
)V^V^ 2, 9-tf*(^2^/W#y/V)-6, 6', 14, 14' -ybyy^/l—6, 14- 

i?fcKcMVfV[i, 2b]- -^^/[i]7;^wy > 2, 9-tf * GVs^/i'jtfy/u) -7, 7 

14, 12'-7 L h77^=-/V-7, \4-VKYxiy ;V$rV J\.2, la]7/^vy % 9-(2'- 

VT/yx.—M -io-(^v^/v#y/v) T>h9^>> 9- (3 ' -i/T/y&s-A') -10 

- (^^/V#y/V) TVh^-fe^, 9-(4 ' -VT/^^/V) -10-(^^/W3!j?y/V) 
T>-h7-fe^, 9-(6'-^T/-2'-7*^/V7*-/k)-10-(^>'f /V^y/V) T^h 
9- (5 * — >7V-2 ' -10- (S^^/W^y /V) T> / h7"fe>' 

„ 9-(4'-^Ty-2'-7^/V73:=/V)-10-(^>'^/^y/W)T^7-fe^ 9-( 
6 ' — >T/-3 ' -7i= /k^a^/V) -10- y/V) TV h^-fe^ 9- (5 ' -V 

7V-3 ' -y^^y^f^) -10- (^s^nffy/P) T^hy-tey&'ZbZo 

[0063] ^y^^ftw^ft^yw:, ^yy-6, ?-?y>-6H, ^y:/-3o, ^yy-102 
, y-r])y-no, ^y^-i52> ^y^-334, ^-^yi/-343, ?-vy>--480D3£-e 

<fe><5o 

[0064] t°7^il^fr©*^J{±, TIEWDCM, DCJTB^-CfcSo 
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PtOEP 

[0067] K-'^©ffiffl£ttK— '^M££o-CMft!>, %<D\?—'*>hOW&\Z&tritX 

[0068] *%w<nGmEm?<DM&te&now&&bz>&> &*&ua*.mmtmmt<D 
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■igfc, f^xVl^*, hyTJ/-/Vft&fk ^■TSW-A'fi&ft:, 

[0071] «^e^b-^»o»*u^tt, *v>y/-A^&jR«&#, try-^>fNMfr*fcH: 
yvo^yy?.^ i>y^(4-^/w8-tKndf-^/y^)r;K^!7A, tr^ 

ftcc^ftfltj^ 2, 5-tf*(6'-(2', 2"-tft°y^)-l, 1— 7>?Vl— 3, 4—77^ 
sz/Wa—M&LT* PyPySPyPy£B&fBl-<5) , 9, 10-7(2' , 2"-lft o y7/l') T7 
2, 5-7(2', 2"-Wfy^)^*7*y, 2, 5-7(3', 2*HW»f 
^7^6', 6"-^(2-t°y^/V)-2 I 2':4', 3":2", 2"'-^T7VH: o y773£-Cfc 

, 9-7^/V-4, 7-^7x=;^l, lO-^a^^ny^ 9, 10-7(1, 10-7 

>bv})y-2— i)\>)T^Vrtv^ 2, 6—7(1, io-y^i-ybvi])y-5-4/^)^ 0 ]}^ 

s 1, 3, 5-hy(l, 10-73:^7 hayy-5--f/W) ^<7-£7, 9, 9 ' 77/V^V-tf * ( 

1, 10-7o:f-7hny^-5-^V')^-efo5o WKt^TR^ft, y^sYvV^n 
[0072] ^0jO«EL^^(^ffi^tl^IE7L^ATO^j;OT^i|il^^^oV^ 



a. 



» 
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-N, N'-i?(3-^/V7^-/V)-4, 4'-^T?yif7a:-/V, N, N'-^a^/V-N 
, N'-v?^-7^V-4, 4'-^T5/lf7^/K^T, NPD^B&IE-r^o ) , 4, 4', 4" 

[0073] #$gK<D#$EL^£*/£1-5&S ii, ^-g tr«^1--<f 

"•-lO^Pa, MMmm. 01~50nm/fJ\ SM£-150~ + 300 t C, §U¥5nm 

V^6^as^#«. ^©^fcfllH:, Au$©&J(L Cul, ^yv?-7^fy^^K(»T, 

ITO<blB&|El-5) x SnO % ZnO^-CfeSo 

2 

[0075] mmto'xmevx'o^&imiMmo&m, n%&mm\&%>, xxuz. 



4 
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*.&/&ffc!WA, 7Vl^*A/JWA, -rjr&stA/IA* v^*V*A/>fy 
[0076] #36*3©*ft*m*rfflv vc^ltEL*^ Zfttftfrttmo— MtlX, Iff 

[0077] rOi5{CL-C#btifc^EL^ J f-(Cjtj5l«flE$:Mi-^#'a-{C{i > 

[0078] *38W*H*fi^J!:3£<5v^JS»!:»b<lttW1-S. 
[Hifeftli] ^^(56)^^ 



V 
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U^xiyWtZ. 58E%W^sk^?y— /KD^-g-^ 100ml {Y;Vx.l//=c#S—;V 
=4/1) \Z.m*U 7- by** (hV7*^*X7jy) '<7i?$l» (0) 0. 58g&Mz.X 

304^,^^:185^ [$!J£#8&:UNIX-DSC7 (PERKIN-ELMER*t$i) 

; S'J^#: MM200r/Min., ^SM^/Min.] 

M*^^/h/^>im&: 0.8 [S!l^a^:V-56O(0^^^ttK), 

FP-777W ( 0 ] 

[0079] C^»J2] ^^(23)0-8-^ 

S^#ll^iT, 9-^n^-l0-( )3 T^-^-t^S. 83g, m-^7f;V7 
3iri/k-3-#D^^3.85glrh;^^t^^y--7W^^^100ml(hy^^/ni^ 

/— /w=4/ Dligi »U y-hy^MVyy^-fr^yr^^yi/VMtfiQ. 58g& 

^JP^-C5^ffi*#U 2MO^i-by^A*«10ml^Px.-C10l^^3t 

fc@#tr, ^Wf;vxjjyJ>m% mm : ^:^/M^>-= 3/1) Zftotc&, 

i^I (23) tf>4ft^£«L/c 0 : 220^ 
[0080] [HJ£#I3] (27) (D&ffc 

^^#ffl$tT, 9-^n*-lO-(|5-^-7^)T>'b9"fe>'3. 83g, o-^T7VK7 

^^-a-^p^^s.ssg^h/v^^t^^y— /w^^lKioomi(h/v^^/^^ 

/-/V=4/l) fcjga>U xh7 d r^(by7rc=/V*^>r^)/^^^^(0)0. 58g£ 
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* 

m (27) ©«5tSrfltl8Lfe. : 210^0 

[0081] iWbMi^tl^tSwtia^ ±is<D^f!i{cipi:^fe-e, *^Bjoftfe 

[0082] [§H«J4] 

ITO^l 50nm(7)Jf:$(C^^L7t25mm X 75mm X l.lmm©^Si (ilCSCH 

ffl#-K NPD£Afrfc^y^vl^#ffl#*-k (56) fcAftfc^y^-r 
^aaMlfJBtf-K TIEiS (90) v^^ft^Aftfc^y:/^^ 

M\Jto X2£ff£l X 10~ 3 Pa£T'^J£U m7?v*sT~l<'&A<>tcM%%tf-hZ 
MLT, m&20nm\ttZ&\zM%LXj£&Wtf*MtitU &V>T% NPDAI9 
<£|&#/B hZtimVX , J^Jf 30nmlDfc5 fcNPD&^LTE&lfti&i & 

-C*^^-<y l/^fl^-^AtLfc^y^^^ffi^-h^P^L-C, )glJ¥35n 

m{c^«t5f-*«L-c^^s$r^L/c 0 z.<Db%<D\?-zfm&tz. mmm%x 

#LTS^i£S£MUt 0 £Jl±OjS^^H:0.1-0.2nm/^-Cfcofc. 

ft, ^byf-^A^^S^fffl^— b%1X\1&LX, JKi?0.5nm»!:3fc5J:5 (-0.003-0. 

T, |^JPi00nm(J:/j;5*5(-0.2-0.5nm/#^S^S"C^i"5-i:t-i9, * 

#J4. 7V<DE^te£f»t5£,#Jl. SmA/cm'oti^itl, 3Sft»41m 
/W-?i£;g468nmtf>W&£>3§3fe£#fco 50mA/cm 2 c0^tt«»)$rtTo 
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[0083] [Hjfc0!|5] 

/T;v^yj»wm:feUh\^X, ffi5V<DW.ffim&%$)M1r5b, 5mA/cm 2 

©il^Jltl, 3i^»51m/W^«472nmCDW&^3ll3fc£#fc 0 50m 




(91) 



[0084] 

Hffi^ij4-CfflV Wk&V0 (56) Srftfrft (23) (£#;ifc Hli^j4^^Cfc 

K»&fTo;fc±::5, ^3W^1780cd/m 2 -e, 3W^^^l^tt400I^^O^# 
[0085] [Hife^|7] 

«0lj4-CffiV ^f;^Q£PyPySPyPy^£#x.*: Wte, ^W^Cfc^"? 
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WX$:B467nm<DW&<7)3i§ft£#fc 0 tit, 50mA/cm 2 <A£SM»'HTofc£ 
[0086] [^ife0!|8] 

^«7T-fflV ^db^ (90) ^rStf 150^(91) ^$tv5^7>^^tc#^c 

Wis, ^Ji0tj7(c^i:yt^&-e^EL^^^#fco rromi§g£im #fcy^ 

-k/T/i^-?A®i£|t^LT, i&3. 2Vtf>E#E*JE£rM1-3^ ^llmA/c 
m 2 (Dmm*Mtl. M»8lm/WX$;6473nmO#&<D3l^£#fCo ttc, 50 
mA/cm 2 <D£«Ml!]£fTofc^5, M»«4700cd/m 2 -C % J*£¥ftl$iK| 

[0087] [^Jg^j9] 

^ji0!l6-I?^ V ^cALQ^PyPySPyPy Wte, Hil#|6 ^ipCfc^jSrC 

, m3. IVfD&MWZZWtol-Zt, mi. 2mA/cm 2 OiI#i^ M$l^61m 
/W-Cj£S468nmOW£tf>3§3fe£#fc 0 £fc, 50mA/cm 2 tf>£fi;i5fti21!)£ : fTo 
/C^5, $»M2620cd/m 2 ^ »««^W}i240^W<^#^^^bfc 



[0088] [2Hfe#|10] 

^WJ8-Cffl V (56) ^b-g-tl (27) K#;ifc£Wte, ^jt^j8^^Cfc 

%\m. 81m/WX$ft473nm©W&<D3&3fc£#fc 0 £fc, 50mA/cm 2 (DS'i;SfE 
IgKj^ff o*±^5, ^»ff*4670cd/m 2 -C, M^^F^f* 105^F^O#^# 

[0089] [Jt^Jl] 

ITO5rl50nm(Djf:§^^Lfc25mmX 75mmX l.lmmtD^y^&KC&gCH 
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mx mm) ©siw-cgsL, my^yr^^Afit^^ymmm 
tc?yyx?ymMmmtf-Yzm%Ltc 0 n&mi x icr 3 pa£-e$ffu my** 

AS&7&&U &V^, NPDA9©i£f ffl#-h£MLT, SU^OnmlC&SJ:? 

ALQ A 1 ? <DM%m aH- h£ WLt, ^J? 1 5nm£&5 J; 5 ^ALQ^^LX« 
l-mmmZMf&l'tCo ^±(D#*Mfi0.1-0.2nm/#-efeofCo ^tf^ 
U^l>AAO»SiffflsS— h^flLT,KJ?0.5nmfc/j:5J:5t0.003— O.Olnm 




(92) 



[0090] [ifctfc#ij2] 
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1. 51m/W^$;ft441nm<DW&<^3§ft£#fco *fc, 50mA/cm 2 £)^f?;ftt|g 



[0091] [Jt«#i3] 



[0092] [itK^J4] 



»J4-Cffl V Nfcft-^t) (56) £TfB5£ (93) -e^$tt§T>-h7iry^#^^#^c 

ejwbu nii^ij4icipi:fe^&-e«EL^T-?r#fc 0 iTonmmm, mtv^t 

m 2 tf>S»$E;J"k ^3fe^^2lm/ / W-ejg^467nm(DW#,O^^^^e>tLfc 0 
, 50mA/cm 2 ©£mMl!j£ff ofc^3, M»Sl400cd/m 2 "e, 




(93) 



[0093] [lt^j5] 



•*fe#y7-efflv>fcfb^ (90) £T!Ea;(94) -e^$tv§T^^^^y/v^^^ 
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mA/cm 2 <DmUtfW.fl. 353fe3M*5. 21m/W^$E;ft455nm<DW£ 1 tf)3£3 l 6£#fc 
0 £fc, 50mA/cm 2 O^mW»l^fTofc^5, #J$®^2800cd/m 2 -C % MM 




[0094] [ttmmt] 

. 7mA/cm 2 <DMU^Utl, &%8t*l. 61m/W-eifcg448nm<Z5#&(D$§3fe£ 
Wto Sfc, 50mA/cm a ©£«ifcKttSrfTofc&L6, MJ9&1000cd/m 2 T?, 




(95) 



[0095] ^mm^mmEhm'T^m^t^x^), y^y-m.^^m^w^f^-fv 



♦ 
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Tybytyffimfc&xxhkLx, ^<yu>mmfo. tfT^mmft. ^v>m^. t° 




d) 



^tcit^mm-i2<Drv-/^xh^^o^mm-i2<DT;^Mz^^iiM 
<d-ch -n^-*tctei%mm-i2<DT})-uyxm&ttiixb£<, z.<D%m 

2 

mm- i2<DT])-/\sxm%&x.btixh x< > ^<D^mm- 1 2<dtv-m^h- 

0; 
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(2-12) 



(2-15) 



55(2-1) -(2-15) f , R 12 fiMi:LT^(l) t*5»t5R ! -R 4 i:lRl-t?*>0; j ebr, 



13 R 14 



R 15 R 16 



R 17 R 18 



R 



R 21 R 20 



19 



(3) 



n 



1—1 



2 

/M£&tt5ffit07k§{f li^sff i&l - 1 20T/V* /K ^Hf #C3- 1 2£>^nT/V3vv 
£fcr*$i5f $:6- 1 2<DT V—/l'X*W%&Z.L>tiXh £V \ 
MS ^ 5£(l) fc&tfSR-R 4 ^ ^LT, ^/V&fcfSt-^/KCfc 
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[3] 



[4] 



(2-1) - (2-15) T?*$il53£©P*^3ir±}x5lo-C*)«J, 3; (2-1) -(2-1 5) * 

1— 2—f7?-/K $jtttm-*—7&=-A^ 5'-' OWlbVlZLX.X 
#5$ (2-1) - (2-15)-C^$tl^SO^^^tu51o-Cfc«9, 5$ (2-1) - (2-1 
5) f , R 12 ^7K^-efe5T^hy-fe^^#:^^hi:L-C^^-r^, »*3Sl^E« 

&%MtK ^(1) K&ttSR-R^jfci^&OjR-R 11 ;^ MftLT, 7x 

-/V, l-^fvK 2-^:7fvK £fcf3m-*— 37;cr:/W5 W/V-efc^LTx X 
^T1E©5£(2-1), (2-2), (2-4) - (2-6), *5j;U? (2-10) T^ftS^©!^ 



R 12 Ar 

>=< 

-i> 12 
R^R 12 



(2-1) 




R R 12 



(2-2) 




(2-4) 




(2-5) 




R R 12 



(2-6) 




(2-10) 



5£(2-l), (2-2), (2-4)- (2-6),^^ (2-10) ^,R 12 (4*^-Cfcl9;^:L-CAr 



}i^5tLTTfB©^:(4-l)-(4-16)-C^$iX^SO^ i 'b^«tl5lo-efe5, 
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[5] mftMtK ^(1) KtertZR'-R^&mX-h*), ;R 5 -R U ;^ ilftLT, tK^, 7x 
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